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Facilitating Interoperability among Heterogeneous Geographic Database
Systems: A Theoretical Framework, a Prototype System, and Evaluation
Jinsoo Park
Department of Management Information Systems
The University of Arizona
The objective of this research is to develop a formal semantic model, theoretical framework and methodology to facilitate
interoperability among distributed and heterogeneous geographic database systems (GDSs). A set of prototype data management
tools is being implemented to provide proof of concept for this work. Finally, a case study is being employed to evaluate the
methodology and prototype tools which can provide further understanding of the interaction between human beings and
computer-assisted schema integration.
The potential ability of Geographic Information System (GIS) as a business decision support system and as a strategic tool
is widely recognized. The applicability of GIS to business applications includes target marketing, strategic planning, banking,
customer location analysis, real estate, site selection, transportation, etc. Among many research issues in GIS, one of the
immediate and apparent problems that must be resolved is to identify how to manage complex spatial data objects across
disparate information sources, because the majority of these issues relies on GIS data management. The primary research
question of this study is, therefore, how to identify and resolve various data- and schematic-level conflicts among heterogeneous
GDSs. This research identifies three problems which combine to clearly define the boundaries of this research: (1) the lack of
comprehensive formal conceptual model for GDSs; (2) managing very large volume of spatial data and data access problems
using a conceptual model; and (3) semantic interoperability in heterogeneous geographic databases and schema integration using
a conceptual model.
The research approach consists of three parts: a theoretical model, a prototype, and the evaluation of the model and
prototype based on case study. Modeling of data objects represented in GDS requires new constructs. A combination of set theory
and description logic is used to formalize the semantic model and its query interface. The proposed formal semantic model
incorporates new constructs to support spatial and temporal objects which, to the best of our knowledge, are not found in existing
data models. The model captures the behavior of dynamic and process-oriented spatiotemporal objects. The schema integration
methodology has been developed to facilitate interoperability among heterogeneous information sources. A comprehensive
framework for classifying various inconsistencies is proposed to provide clear guidelines in determining semantic equivalence
and compatibility. A classification scheme has been developed based on the literature and real examples from existing
heterogeneous geographic databases in natural resource management.
The schema integration and interoperability methods are based on the concept of “mediators.” A mediator is a software
module that exploits encoded knowledge about a particular dataset to bring the source information into a common form for a
higher layer of applications. The mediators not only provide methods to access and integrate data from multiple databases, but
also facilitate interoperability among disparate information sources. In addition, an ontology is being developed and used to
capture the intension (including structure, integrity rules and meta-properties) of the database schema. The metadata and
ontology are stored in a common repository and manipulated by description logic-based operators.
The research instruments employed in this work to evaluate the formal model and integration methodology are prototyping
and case study. The prototyping phase can be considered theory testing, while the previous phases can be regarded as theory
building. The prototype will be used as a proof-of-concept to evaluate the impacts of the theory and its potential for acceptance
in the real world setting. Finally, a case study will evaluate the use of the proposed methodology and problem solving process
in a real world setting. Various heterogeneous geospatial datasets will be used during the evaluation phase to model and analyze
underlying natural resource management problems.
The research adopts multi-methodological approach; that is, set theory, description logic, prototyping, and case study.
Successful construction and synthesis of multiple methodologies will strengthen the theory development base in the MIS
discipline and augment continuing research.
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